Abstract: Salt stress is one of the most serious limiting factors for crop growth and production. This study was carried out to evaluate the effects of salt stress in four Mentha piperita L. varieties, in greenhouse conditions. The seedlings were irrigated with ½ Hoagland nutrition solutions. Following 10 d of growth in the pots, the seedlings were subjected to salt stress with different concentrations of NaCl (0, 50 and 100 mM, respectively). Responses of the mint varieties to salt stress were evaluated using some plant growth and physiological parameters, such as plant height, root length, shoot and root fresh and dry weight, and ion concentrations in leaves, such as Na, K, Ca and Cl. Salt stress caused reduction in physiological parameters. However, this reduction was significant at 100 mM NaCl compared to 50 mM NaCl. These two concentrations of NaCl increased Na and Cl contents in leaves. However, K and Ca contents were decreased with salinity. The results showed that Mentha piperita cv. Sewiss and Granada were found more tolerant to salt stress than cv. Marokko and Citaro.
Introduction


Agricultural production in arid and semi-arid regions around the world is under the threat of multiple abiotic stresses, such as salinity. Salinity stress is one of the most serious abiotic stresses that cause reduction in plant growth, development and yield in many regions of the world. Plants employ many strategies in response to abiotic stresses that ultimately enhance the plant growth and productivity in stressful environments. These phenomena include change in morphological and developmental pattern (growth plasticity), as well as physiological and biochemical processes against several stresses [1] . The symptoms of salt damage in plants change according to species. Salinity is a factor that affects whole metabolism of a plant, as well as its morphology and anatomy. Salinity reduces the ability of plants to absorb water, causing a reduction in growth rate and a suite of metabolic changes similar to those caused by water stress. The initial reduction in shoot growth is probably due to loss of cellular turgor pressure and hormonal signals generated by the roots [2] . Salinity, the common and comprehensive negative influence, can lead to apparent stunting of plant growth. From another point of view, slower growth is an available measure for plant survival under stress [3, 4] . Tang et al. [4] indicated that all of the physiological performances are the adaptive strategies for plants under salt stress. Some nutritional disturbances are expected under saline condition, resulting in high ratios of Na/Ca and Na/K. In presence of NaCl excess in the medium, Na and Cl are accumulated in plant organs, and these saline ions can affect other mineral elements uptake through competitive interactions or by affecting the ion selectivity of membranes, which cause nutrient deficiencies in plants [5] . Salt-tolerant plants differ from salt-sensitive ones in having a low
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rate of Na + and Cl -transport to leaves and the ability to compartmentalize these ions in vacuoles to prevent their build-up in cytoplasm or cell walls and thus avoid salt toxicity [2] . Peppermint (Mentha piperita L.) is an important medicinal and aromatic plant grown in large areas in the world due to its economic importance. Its leaves have been used as a spice, while its essential oil is one of the most popular and widely used for food, pharmaceutical, cosmetic, personal care and cleaning industries for both its flavouring and fragrance [6] . Li et al. [7] showed that peppermint can not maintain normal growth and the biomass and yield of essential oil are severely decreased in the soils that contain more than 0.3% NaCl (73.5 mM).
This study was carried out to determine the effect of different NaCl concentrations on some morphological and physiological parameters in different Mentha piperita L. varieties. O). Following 10 d of growth in the pots, seedlings were subjected to salt stress with 0, 50 and 100 mM NaCl, respectively. However, the control plants were irrigated with ½ Hoagland nutrition solutions to end of the treatment. The applied amount of water in the study was calculated according to the ratio of "drained water/applied water", and this ratio was approximately 30%. Since the study was conducted between from beginning of April and July, the plants were sprinkled every other day. The mint plants were subjected to salt stress for 97 d. The control plants were grown under non-stress conditions for the same period of time. The experiment was designed as a completely randomized blocks with three replications (three plants per replication).
Materials and Methods
Responses of the mint varieties to salt stress were evaluated by some plant growth and physiological parameters, such as plant height, root length, shoot and root fresh and dry weight, and ion contents in leaves, such as Na, K, Ca and Cl.
Plant nutritional elements analyses were done by the method of dry-ashing. The leaves were dried, grinded and then burned at 550 °C. In the next step, they were solubilized in 3.3% (v/v) HCl solution and the elements of K, Ca and Na readings were done by the atomic absorption spectrophotometer [8, 9] .
Obtained data were subjected to analysis of variance (ANOVA) using statistical analysis system, followed by Duncan's multiple range tests, and significant difference level was at P < 0.05 by SPSS 16.0 software.
Results and Discussion
In the present study, the growth and ion accumulation of four mint varieties exposed to different salt levels which were imposed at early developmental stage of plants were investigated. Results showed that salt stress considerably reduced the growth of mint varieties in terms of shoot height, root length, shoot and root fresh and dry weight ( Table 1 ). The highest shoot height and root length were obtained for the control group (0 mM NaCl). Due to salt stress, the highest decreases in these parameters, compared to the control, were observed in plants grown on 100 mM NaCl (16%-60% decrease). However, the decrease in shoot height and root length reached 36.88% in Granada and 60.03% in Citaro with 100 mM NaCl compared with the control. Both decreases were observed for plant height.
The results showed that different concentrations of NaCl had significant effects on the fresh and dry weights of shoots and roots. For all mint varieties, these parameters were the highest for the control. The most important decreases of fresh and dry weights in shoot, compared to the control, were observed in Marokko (55.51% and 73.51%) and Citaro varieties (67.45% and 67.23%) in 50 Mm and 100 Mm NaCl treatment, respectively. However, Sewiss (57.17% and 52.30%) and Granada (53.96% and 53.86%) in shoot fresh and dry weight, respectively, showed the lowest reductions on 100 mM NaCl. Root fresh and dry weight of mint varieties dramatically decreased depending on salt stress levels. The highest root fresh weight was determined in Citaro at the control group (75.92 g), while the lowest value was observed in Granada (23.39 g). The root fresh and dry weight for Granada and Citaro varieties decreased on NaCl 100 mM by 49.0% to 72.18%, compared to the control. On the other hand, these reductions were 59.23% and 77.32% in Marokko. Salinity, which is a common and comprehensive negative influence, can lead to apparent stunting of plant growth [4] . Since salt stress involves both osmotic and ionic stresses, growth suppression is directly related to the total concentrations of soluble salts and the osmotic potential of soil solution. The detrimental effect is observed at the whole plant level as the death of plants or a decrease in productivity [10] . Results indicated that a reduction in growth under saline conditions is a consequence of several physiological responses, including the modification of ionic balance, water status, mineral nutrition, stomatal behavior, photosynthetic efficiency, and carbon allocation and utilization. Maintenance of plant water status is a fundamental phenomenon for the maintenance of normal growth of plants under stressful environment [11] . In this study, plant growth was significantly decreased by salt, especially in sensitive varieties (Marokko and Citaro). Reduction of seedling height is a common phenomenon of many crop plants grown under saline conditions. The general effects of salinity on plant growth reflect in a reduction in plant growth with shorter stature and sometimes fewer leaves, and roots are also reduced in length and mass [12, 13] . As the salt concentrations are increased, shoot and root fresh and dry weights of the cultivars are decreased. In this study, of all salinity concentrations, growth was inhibited in the Marokko and Citaro cultivars with 100 mM NaCl. Plant and root fresh and dry weights were decreased with increasing salinity [14] , and many other studies also reported this trait as the main
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indicator of salinity tolerance. Under salinity, leaf water potential and thus photosynthetic activity will decrease. The reduction in photosynthetic rate is usually due to low stomatal conductance, which also reduces the transpiration rate. Thus, plant development is decreased [15] . All of the factors mentioned have the negative effects on plant development at physiological and biochemical levels. In order to evaluate the tolerance of plants to salinity stress, growth or survival of the plant is determined, because it integrates the up or down regulation of many physiological mechanisms arising within the plant [10, [16] [17] [18] .
The sodium contents in leaves of all the varieties increased with the solution salinity. In average, the increase of Na contents were 383% and 648% at 50 mM and 100 mM doses, respectively, when compared to the control groups ( Table 2) . The sensitive varieties, such as Marokko and Citaro, had a 657%-700% increase in leaf Na concentration compared to the control plants, while the Sewiss and Granada had a 587%-648% increase in the leaves.
The association between osmotic and ionic effects (ionic toxicity, nutritional deficiency, etc.) has been reported by Da Silva et al. [19] as the main reason of the growth reduction under salt stress. After 97 d of salt stress in this study, Na contents dramatically increased with different salt levels, while K contents significantly decreased in mint plants ( Table 2) . The mean K concentration of four varieties in non-saline control conditions, 50 mM and 100 mM saline were 5.71%, 2.64% and 5.71%, respectively. This reduction was greater in Marokko and Citaro than that in Granda and Sewiss. Accumulation of K in Marokko and Citaro were decreased by 45%-47%, however, Granda and Sewiss were decreased by 37%-40%. K accumulation was high in organs, and vice versa, in which Na concentration was low. In presence of salinity, Granda and Sewiss had significantly higher K/Na ratios than Marokko and Citaro. Jiang et al. [20] showed that decreased Na accumulation in plants is also accompanied by a higher K accumulation in maize seedling. Also Da Silva et al. [19] indicated that high Na concentration can induce K deficiency, inhibiting the activity of enzymes that require K. Thus, the interaction between relative K and Na concentrations has been considered a key factor in determining salt tolerance in plants.
Ca plays a vital role in many physiological processes, such as membrane structure, stomatal function, cell division and cell wall synthesis, which influence growth and responses to environmental stresses. Moreover, it plays a significant role in osmoregulation [10] . Plant Ca concentration of the mint varieties in control, 50 mM and 100 mM saline conditions, in average, were 1.59%, 1.36% and 0.83%, 
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respectively. Salinity application caused a significant decrease in Ca concentration with increased salt levels in the mint plants (Table 2 ). Significant reductions of Ca content were observed when plants submitted to 100 mM NaCl. This reduction was 58% in Citaro. On the other hand, Ca accumulation in Granada (1.11%) was higher than other varieties under 100 mM application. The ameliorating effects of Ca play a key role in membrane integrity and control of selective ion uptake and transport. High Ca concentration can reduce the permeability of plasma membranes to Na [21] . The reduction of membrane permeability to Na and Ca reduces the accumulation of Na. Presence of high Na concentration in the growth medium disturbs the uptake and transport of Ca, and thus the plants with the capability of taking up more Ca from medium have higher Ca/Na ratios [22, 23] . Results in this study showed that Granda and Sewiss improved Ca and limited Na intake, so that having higher Ca accumulation compared to Marokko and Citaro. The chloride content in leaves increased linearly up to levels of 100 mM NaCl. The Cl content in the 100 mM was about 2-and 4-fold higher than that in control and 50 mM NaCl treatment. In Marokko and Citaro, Cl content increased 2,094% and 1,253% at salt levels of 100 mM NaCl. In contrast, this reduction was nearly 1,136% and 1,148% in Granda and Sewiss, respectively, under the same condition (Table 2) . Results indicated an increase in tissue Na and Cl when salinity increased. Da Silva et al. [19] reported that greater Na and Cl accumulation in roots than plant has been considered a physiological trait indicator of salt tolerance in plants. The foliar accumulation of Na and Cl could inhibit plants growth and development. Moreover, Munns and Tester [24] remarked the association between genetic differences in the rate of Cl accumulation in leaves and the plant's salinity tolerance.
Conclusions
Salt stress significantly affects the initial growth of mint plants grown in salt levels up to 50 mM NaCl. The highest reduction was determinated in 100 mM NaCl application. The decrease of plant growth parameters in Marokko and Citaro under salinity, especially at 100 mM NaCl, could be related to sensitivity of these varieties. Besides, Granada and Sewiss limited Na ion accumulation, and the accumulation of K and Ca was related to increase of Na and may play a role as an osmotic regulation to maintain the K/Na and Ca/Na rate in the cells when exposed to salt stress. The mint plants were moderately tolerant to salinity, and salt stress decreases plant growth and development. However, Granada and Sewiss varieties are more tolerant than Marokko and Citaro.
